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THE EFFECTS OF PROPYLTHIOURACIL AND THYROTROPIC HORMONE ON
THE UPTAKE OF RADIOACTIVE THALLIUM BY THE RAT THYROID
In studies of the organ distribution of radioactive thallium (Ti204) in the
rat, Thyresson8 and Barclay, et al.' found that on a gram-per-tissue basis
this isotope was taken up by the thyroid in large amounts. Twenty-four
hours after acute poisoning with a single large dose of T1204, the kidney
took up the greatest amount of isotope, followed by the colon and the
thyroid in that order.8 It was with the object of determining whether
propylthiouracil and thyrotropic hormone could alter the thyroid uptake of
T1204 in a manner similar to that of IlJ3, that the following experiments
were performed.
METHOD
General. Albino male rats of the Sprague-Dawley strain, with an average body
weight of 250 grams, were used. The animals had free access to water and were fed
Purina laboratory dog chow ad libitum. Approximately 5 microcuries of radioactive
thallium4 (Tli (NO8)2, specific activity = 239 millicuries/gram) dissolved in 0.5 cc.
of isotonic saline were injected intraperitoneally into each rat. The animals were
sacrificed by anesthetizing with ether and withdrawing blood from the exposed heart
with a heparinized syringe. One-half cc. portions of whole blood and plasma were
placed into cupped nickel-plated steel planchets (Tracerlab) and air dried. The wet
weights of the thyroid, pituitary, and adrenals were determined on a Roller-Smith
precision balance and the organs were dried in an oven at 100° C. for 24 hours, re-
weighed, and placed into cupped planchets. A Geiger-Mueller counter (Tracerlab)
with an end window thickness less than 2 mg./cm.' was used for measuring the radio-
activity of each sample.
Propylthiouracil. Forty rats were divided into two groups of 20 animals. The
experimental group received powdered Purina laboratory dog chow to which had
been added propylthiouracil so as to make a 0.1 per cent concentration of the drug.
Twelve days after the start of this dietary regimen all animals were injected with Tl'
and sacrificed at intervals of /2 to 96 hours thereafter.
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Thyrotropic hormone.* Fifty-two rats were injected with Tl' and 12 hours later
26 of these animals received a subcutaneous injection of 5 mg. thyrotropic hormone
(TSH). Those rats sacrificed 48 hours after receiving the initial dose of TSH
received a second injection of 5 mg. TSH 24 hours after the first. Those rats sacri-
TABLE 1. THE UPTAKE OF RADIOACTIVE THALLIUM (TL') BY THE THYROID OF RATS
TREATED WITH PROPYLTHIOURACIL
Per cent dose/mg.
wet weight
x 10-'
Per cent dose/mg.
dry weight
x 10-
Propylthiouracil
/2 10.2 + 3.1**
P> .05<.1
(3)t
1 15.9+0.3
P << .001
(2)
3 11.2 + 2.6
P < .05
(3)
8 15.7+2.8
P <.02
(2)
24 13.4+0.7
P <<.001
(2)
48 '10.4+0.2
P<< .001
(2)
96 16.0+ 1.3
P<<.001
(3)
Control
2.0 0.3
Propylthiouracil
2.7 .03
(2)
2.8 0.6 4.4 0.5
P> .05<.1
(3)
Control
2.4 + 0.65
2.5 + 0.5
Propylthiouracil
1.5 + 0.2
2.5 + 0.3
P < .05
3.1 ±0.4 3.2+0.5 2.6+0.3 1.9+0.3
P <.1 > .05
(3)
3.2 0.3 4.9 0.07
P <.02
(3)
3.6+0.3 3.1 +0
P<.01
3.2 0.4 3.5 + 0.5 2.9 + 0.2 2.0 0.2
P <.1 >.05
(3)
2.0±0.15 2.5 +0.1
P <.1 > .05
(3)
1.7 + 0.4 3.1 + 0.09
P <.01
(3)
2.0±0.2 1.5±0
P <<.001
1.6± 0.3 1.5 ±0.15
P <.01
Control
1.1 0.3
1.2 0.3
1.2 0.15
1.6 + 0.2
1.3 + 0.2
0.8 0.04
0.6 + 0.1
** Mean standard error.
t Number of animals in each group.
"P" not recorded unless it is .05 or less.
ficed 72 hours after the initial TSH injection received a second 5 mg. TSH injection
24 hours after the first and a third dose of 3 mg. 24 hours later.
In the second TSH experiment, 16 rats received two daily subcutaneous injections
of 4.5 mg. TSH for two days, or a total of 18 mg. Immediately following the fourth
*We wish to thank Dr. Sanford L. Steelman of the Armour Laboratories for a
generous supply of thyrotropic hormone (Lot number P589-80, 0.9 USP units/mg.).
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injection, the experimental animals and their untreated controls were injected with
Tl' and sacrificed at inrtervals of 12 to 72 hours thereafter.
RESULTS AND DISCUSSION
Propylthiouracil. The uptake of T1204 by the thyroids of the PTU-treated
rats was significantly greater than that of the controls (Table 1). When
TABLE 2. THE LEVEL OF RADIOACTIVE THALLIUM (TL') IN THE BLOOD
AND PLASMA OF RATS TREATED WITH PROPYLTHIOURACIL
Per cent dose
z 10-'
Blood:
Propylthiouracil
Y2 4.93 0.92* 4.10 0.70
(3)t (2)
1 5.44±0.64
(2)
3 3.26 0.71
(3)
8 2.85 0.02
(2)
24 1.90 0.26
(2)
48 1.51 0.09
(2)
3.80 0.86
(3)
3.28 + 0.65
(3)
2.60+0.13
(3)
2.11 0.17
(3)
1.32 + 0.03
(3)
96 1.00 + 0.007 0.98 + 0.09
(3) (3)
0.34 + 0.004 0.30 0.02
* Mean + standard error.
t Number of animals in each group.
"P" not recorded unless it is .05 or less.
t Values of 4.95 cc. and 2.63 cc. obtained by Sharpe,
the total blood and plasma volumes, respectively.
et al.' were used for calculating
the T1204 uptake by the gland was calculated on a weight basis, the PTU-
treated animals still showed a greater thyroid T1204 content, even though
statistically significant differences could not be demonstrated consistently.
Up to three hours following injection of the isotope, the greater T1204
uptake of the PTU-treated rats was small and of doubtful significance.
However, at eight hours and thereafter, the magnitude of the increased
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injection
Per cent dose
4 10'
Plasmat
Control Propylthiouracil
1.76 + 0.43
1.69 0.27
1.03 + 0.20
0.92 + 0.05
0.60 0.10
0.50 + 0.01
Control
1.31 + 0.35
1.33 ± 0.31
0.99 ± 0.20
0.85 + 0.08
0.64 ± 0.03
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uptake of T1204 by the thyroids of the PTU-treated rats became greater
and reached approximately twice the control values at 48 and 96 hours.
The increased T1204 uptake by the thyroids of PTU-treated rats is
analogous to the results obtained by Durbin, et al.2 and by Shellabarger and
TABLE 3. THE UPTAKE OF RADIOACTIVE THALLIUM (TLIr) BY THE PITUITARY OF RATS
TREATED WITH PROPYLTHIOURACIL
Per cent dose
x 10'
Propylthiouracil
/2 2.1 + 0.3*
P <.01
(3)jt
1 2.1±0.6
(2)
3 2.1 +0.2
(3)
8 1.8+0
P < .05
(2)
24 3.0 +0.1
(2)
48 1.5 +0.2
P <.02
(2)
96 4.9 + 0.07
P < .01
(3)
Per cent dose/mg.
wet weight
x 10-4
Control
1.4 0.1
(2)
1.4 + 0.2
(3)
1.8 0.2
(3)
1.5 + 0.09
(3)
3.0 + 0.3
(3)
0.7 + 0.06
(3)
3.4 0.3
(3)
Propylthiouracil
2.4 0.4
Control
1.6 + 0.4
Per cent dose/mg.
dry weight
x 10O
Propylthiouracil Control
1.4 ± 0.3 0.8 ± 0.2
3.3 + 0.6 1.7 0.4 1.6 0.5 0.8 0.2
2.6 + 0.3 2.2 0.3 1.3 0.1 1.2 + 0.2
2.4 0.07
P <.01
1.8 0.04 1.3 + 0.07
P < .05
1.0 + 0.07
3.5 + 0.3 3.8 + 0.3 1.8 + 0.07 1.9 + 02
1.4 0.2
P <.05
5.4 0.4
P < .05
0.8 0.04 0.8 + 0
P<< .001
4.1 0.3 3.0 + 0.4
P <.05
0.4 0
1.9 _ 0.1
* Mean standard error.
t Number of animals in each group.
"P" not recorded unless it is .05 or less.
TABLE 4. ADRENAL WEIGHTS OF RATS TREATED WITH PROPYLTHIOURACIL
Wet Weight Dry Weight
mg. mg.
Propylthiouracil 27.62 + 0.18t 9.43 + 0.04
(20)* P <<.001 P <<.001
Control 32.13 + 0.17 10.63 + 0.05
(21)
* Number of animals in each group.
t Mean standard error.
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Godwin7 using a radioactive isotope of astatine (At211) which is the heavi-
est member of the halogen group. These investigators showed that PTU
treatment resulted in a very marked enhancement of At211 accumulation
by the thyroid which was in contrast to the decreased accumulation of I131
by the thyroids of PTU-treated rats.
TABLE 5. THE UPTAKE OF RADIOACTIVE THALLIUM (TLRY) BY THE ADRENALS OF RATS
TREATED WITH PROPYLTHIOURACIL
Per cent dose/mg.
wet weight
x 10z
Per cent dose/mg.
dry weight
x 10'
Propylthiouracil
2 9.5 ± 1.2*
(3)t
1 17.8±2.8
(2)
3 13.6±2.7
(3)
8 20.8 + 0.9
P < .01
(2)
24 12.6 ± 1.5
(2)
48 7.4+0.3
(2)
96 4.9 + 0.3
(3)
Control
10.5 ± 2.5
(2)
14.9 + 3.9
(3)
15.8 + 2.2
(3)
15.2 + 0.8
(3)
11.3 + 0.5
(3)
7.0 + 0.5
(3)
3.5 + 0.5
(3)
Propylthiouracil
3.5 + 0.5
Control
3.6 + 0.7
6.9 + 0.9 4.5 + 1.1 2.0 + 0.2 1.4 + 0.3
5.0 + 0.9 4.9 + 0.6 1.5 + 0.2 1.5 + 0.2
7.9 + 0.2
P < .01
4.8 ± 0.3
P <.01
2.6 ± 0.2
1.6 + 0.1
P <.02
4.2+0.4 2.4+0
P <.001
4.0+0.1 1.3±0.1 1.2±0.04
2.3±0.1 0.7±0
1.1±0.1 0.5 +0.04 0.4+0.04
* Mean + standard error.
t Number of animals in each group.
"P" not recorded unless it is .05 or less.
The level of T1204 in whole blood and plasma did not appear to be
affected by PTU, approximately three times as much of the isotope being
found in whole blood as in plasma (Table 2). Even though the T1204 con-
tent of the thyroids did not appear to diminish appreciably during the
96-hour observation period, the blood and plasma levels of the isotope,
when compared to the half-hour level, had fallen approximately 50 per cent
by 24 hours and by 96 hours had decreased to about one-fifth of the half-
hour values.
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Propylthiouracil
1.0 + 0.1
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1.0 + 02
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The uptake of T1204 by the pituitary resembled that of the thyroid in
that there appeared to be little diminution in isotope content during the
course of the experiment (Table 3). In fact, at 96 hours the quantity of
T1204 in the pituitary was more than twice as high as at a half-hour.
Although in some cases treatment with PTU appeared to increase the
TABLE 6. THE UPTAKE OF RADIOACTIVE THALLIUM (TsY') BY THE THYROID OF RATS TREATED
WITH THYROTROPIC HORMONE FOR Two DAYS PRIOR TO THE ADMINISTRATION OF TL
Per cent dose/mg. Per cent dose/mg.
Houirs after Per cent dose wet weight dry weight
Ti'04 intjection x 10' x 10' x 10O
Thyrotropic Thyrotropic Thyrotropic
hormone Control hormone Control hormone Control
12 4.8 + 0.4* 2.7 ± 0.06 3.5 ± 0.2 2.9 ± 0.3 1.7 + 0.09 1.2 0.09
P <.01 P <.001 P <.01
(4)t (4)
24 3.7 ± 0.3 2.1 + 0.3 2.7 + 0.2 2.1 ± 0.09 1.3 + 0.07 0.9 ± 0.04
P<.01 P=.01 P=.001
(4) (4)
48 3.6 + 0.5 2.0 + 0.2 2.9 ± 0.4 2.2 0.2 1.2 + 0.1 0.8 ± 0.05
P <.02 P <.05
(4) (4)
72 2.4 + 0.2 1.6 + 0.2 1.8 0.03 1.8 0.2 0.7 + 0.01 0.7 0.09
P < .05
(4) (3)
* Mean ± standard error.
t Number of animals in each group.
"P" not recorded unless it is .05 or less.
pituitary uptake of T1204, the differences were probably not statistically
significant.
Treatment with PTU resulted in a small but highly significant decrease
in the wet and dry weights of the adrenals (Table 4) which confirms the
observations of Leblond and Hoff5 and Leathem.' However, PTU did not
appear to affect the T1204 uptake by the adrenals (Table 5). Although the
T1204 content of the thyroid and pituitary appeared to remain the same
during the experiment, the T1204 content of the adrenals did decrease at 96
hours to values 50 per cent or less than those at a half-hour.
Thyrotropic hormone. When rats were treated with large doses of TSH
for two days prior to the injection of T1204, the uptake of the isotope by the
37'
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thyroid was significantly increased at 12, 24, and 48 hours (Table 6). By
72 hours, even though the thyroid content of T1204 in the TSH-treated ani-
mals was still greater than in the controls, the differences were probably not
statistically significant. In this connection it is interesting to note that
Hamilton and Soley3 were able to demonstrate an increased uptake of At21'
by the thyroid of rats following treatment with TSH.
TABLE 7. THE UPTAKE OF RADIOACTivE THALLIUM (TL) BY THE THYROID OF RATS TREATED
WITH THYROTROPIC HORMONE BEGINNING 12 HOURS AFTER THE ADMINISTRATION OF TL
Per cent dose/mg.
wet weight
x 1O-1
Per cent dose/mlg.
dry weight
x 10-'
Thyrotropic
hormone
3 4.4+0.1*
(4)j
6 5.1 + 0.1
(4)
12 4.9 + 0.3
P<.1 >.05
(4)
24 3.7 + 0.3
P<.05
(4)
48 3.0+0.4
(5)
72 2.6 ±0.2
P = .02
(5)
Control
4.1 +0.3
(4)
3.8 ± 0.6
(4)
Thyrotropic
hormone
5.4 + 0.3
Control
4.7 ± 0.7
5.2 + 1.0 5.1 + 1.0 2.6 + 0.6 2.0 ± 0.4
3.6 ± 0.6 5.9 ± 0.3
P <.02
(4)
4.3 + 0.4 2.3 + 0.1
P < .05
2.6±0.4 4.1 +0.2 3.8+0.6 2.1 ±0.2 1.7±0.2
(4)
2.1 + 0.3
(5)
1.8 + 0.2
(5)
2.8 + 0.4 2.9 + 0.3 1.6 + 0.2 1.3 + 0.2
2.7±02 2.4+0.3 1.4±0.1
P = .02
* Mean + standard error.
t Number of animals in each group.
"P" not recorded unless it is .05 or less.
Data (not presented) for the T1204 content of whole blood, plasma,
pituitary, and adrenals after pretreatment with TSH showed no significant
differences between the two groups of animals.
When rats began receiving injections of TSH 12 hours after the admin-
istration of T1204, the thyroid content of the isotope increased (Table 7).
However, the magnitude of the increase was small and not significantly
different consistently. The T1204 content of whole blood, plasma, adrenals,
and pituitary did not appear to be affected by TSH (data not presented).
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Thyrotropic
hormone
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Conttrol
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SUMMARY
The metabolism of radioactive thallium (T1204) was studied in rats
treated with either propylthiouracil (PTU) or thyrotropic hormone
(TSH). PTU treatment resulted in an increased uptake of T1204 by the
thyroid, both on an absolute and on a weight basis. Although TSH did not
release T1204 from the thyroid, pretreatment with the hormone resulted in
a significant increase in the T1204 content of the gland.
The T1204 content of whole blood, plasma, adrenals, and pituitary did
not appear to be affected by PTU or TSH.
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